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ABSTRACT 
 
 
 
 
The static spectrum allocation policy in Malaysia and the rapid growth of 
wireless communication services have led to spectrum scarcity problem. 
Consequently, the Quality of Service (QoS) for new wireless services might be 
compromised as most of the radio bands are already assigned to licensed users. 
But, the spectrum occupancy’s measurement shows that the allocated spectrum 
is underutilized. Therefore, in this project, Opportunistic Spectrum Access 
(OSA) scheme is used to overcome the spectrum scarcity problem. The concept 
of OSA in cognitive radio technology is used to exploit the spectrum by 
permitting the secondary user to temporally use the licensed spectrum band 
when it is free. Hence, spectrum sensing is very important for the secondary user 
to avoid harmful interference to other wireless services. This project specifically 
will develop an optimal spectrum sensing mechanism using Particle Swarm 
Optimization (PSO) algorithm on Software Defined Radio (SDR) using platform 
called Universal Software Radio Peripheral (USRP). The data has been analysed 
to validate the performance of the spectrum sensing mechanism referring to the 
Probability of Detection (Pd) and Probability of False Alarm (Pf). The result 
shows that the optimal throughput is 93% for Pd 90%, SNR of 1.5dB and Pf 5% 
which is an improvement of 14% compared with non-optimal method. 
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ABSTRAK 
 
 
 
Polisi pembahagian spektrum di Malaysia yang statik dan pertumbuhan 
pesat servis komunikasi wayarles telah menyumbang kepada masalah 
kekurangan spektrum. Akibatnya, kualiti servis untuk khidmat wayarles yang 
mungkin terjejas kerana hampir semua jalur radio telah diperuntukkan kepada 
pengguna-pengguna berlesen. Walaubagaimanapun, pengukuran penggunaan 
spektrum menunjukkan spektrum yang telah diperuntukkan ini sebenarnya tidak 
digunakan sepenuhnya. Oleh itu, skim penderiaan berasaskan Capaian Spektrum 
Opurtunistik (OSA) dicadangkan untuk mengatasi masalah spektrum ini. Konsep 
OSA dalam radio kognitif digunakan untuk mengeksploitasi spektrum dengan 
membenarkan pengguna sekunder menggunakan jalur spektrum berlesen dalam 
masa ia tidak digunakan. Oleh yang demikian, spekturm sangat penting untuk 
pengguna sekunder mengelakkan penderiaan gangguan berbahaya kepada 
khidmat wayarles yang lain. Projek ini secara spesifik akan membangunkan 
mekanisme penderiaan spektrum optimum menggunakan algoritma Particle 
Swarm Optimization (PSO) di atas platform Software Define Radio (SDR). Data 
telah dianalisis untuk menilai perkembangan mekanisma penderiaan spekturm 
dari segi kebarangkalian pengesanan (Pd) dan kebarangkalian amaran palsu (Pf). 
Keputusan menunjukkan optimum penghantaran untuk penderiaan spektrum 
adalah 93% untuk Pd 90%, SNR 1.5dB dan Pf 5% iaitu penambahbaikan 
sebanyak 14% jika dibandingkan dengan penderiaan spektrum normal. 
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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Overview 
 
 
Wireless communication nowadays is widely used for the internet access. 
Internet access eases connectivity to the internet without having to plug in any cable.  
Moreover, single wireless internet access point can support a large number of users 
simultaneously.  Besides that, wireless communication supports the community with 
wide range of applications such as radio and television broadcasting, high frequency 
(HF) radio and satellite communication, home accessories, global positioning 
services (GPS) service and others.  
 
 
Each of this wireless communication service is operated at a predetermined 
band in the spectrum and this band is basically determined and licensed by the 
regulator in the country. In Malaysia, the Malaysian Communications and 
Multimedia Commission (MCMC) is the regulator.  However, different country may 
have a different spectrum allocation, for example, MCMC allocates 2.3GHz band for 
WiMAX, 900MHz and 1800MHz band for GSM and 2000MHz band for IMT2000 
in Malaysia.  The complete list of spectrum allocation in Malaysia is shown in Figure 
1.1 [1]. 
 
 
Referring to Figure 1.1, the static spectrum allocation causes the spectrum to 
be fully assigned especially from 3 kHz until 420 THz.  Consequently, it is almost 
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impossible to assign a frequency band in the spectrum to a new wireless 
communication technology such as LTE and LTE-Advanced.  Over time, this 
scenario will lead to scenario so called spectrum scarcity where there is not enough 
spectrum or bandwidth to offer for new communication services. 
 
 
Figure 1.1 Spectrum Allocations in Malaysia [1] 
 
But, the big questions to answer are ‘Is there really spectrum scarcity 
problem?’ and ‘Where to find spectrum for new wireless communication services? 
On the other hand, recent research shows that most of this allocated spectrum is 
underutilized. For instance, study shown by [2] reveals that most spectrum bands are 
underutilized or having a lot spectrum holes.  
 
 
Figure 1.2 shows the spectrum occupancy for frequency band 30 to 3000 
MHz in Malaysia. The red colour represents power, black for time per hour and blue 
for the duty cycle. It is shown clearly that most of the spectrums are underutilized, 
only certain portion of frequency band are utilized. The most underutilized spectrums 
are at the frequency higher than 1000 MHz.  
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Figure 1.2 Spectrum Occupancy for Frequency Band 30-3000 MHz in Malaysia 
 
Study shown by [2] also summarized the average spectrum occupancy 
percentage in Malaysia is considered very low as shown in Figure 1.3. The highest 
occupancy is FM radio broadcasting at 71.17%, followed by TV broadcasting 
59.81% and GSM 900 with 41.55%. Some of the spectrum occupancy is below than 
10% such as for Fixed Mobile, Radiolocation, Very High Frequency (VHF) Mobile 
Radio and Digital Trunked Radio Systems (DTRS).  
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Figure 1.3 Average spectrum occupance percentage in Malaysia [2] 
 
 The craving for spectrum is very demanding specifically due to the explosion 
of new wireless technologies and services nowadays.  The current static spectrum 
allocation policy cannot bear the need of this demand and it needs to be revised.  In 
order to overcome this underutilized spectrum and solve the spectrum scarcity 
problem, a cognitive radio (CR) technology can be used where CR utilizes the 
spectrum more efficiently without interfering with the primary users of the spectrum 
[3]. 
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1.2 Problem statement 
 
 
Spectrum sensing mechanism enables cognitive radio network to detect 
Primary User (PU) and utilize spectrum holes for Secondary User (SU) transmission. 
However, precise PU detection leads to longer sensing time and lower achievable 
throughput in one frame cycle. The optimal spectrum sensing mechanism is proposed 
to reduce sensing time so that the maximized throughput can be achieved. In this 
research, PU is defined as a licensed user which is the owner of the spectrum or 
unlicensed user but has more priority than SU. The PU can use the spectrum 
whenever desired. Meanwhile, SU also recognized as cognitive user which 
opportunistically uses the spectrum only when the spectrum is unused. 
 
 
1.3 Research objectives 
 
 
The objectives for this project are: 
1) To implement the optimal spectrum sensing mechanism using Software 
Define Radio (SDR) platform 
2) To obtain the optimal throughput subject to Probability of Detection (Pd) 90% 
under various Signal-to-Noise (SNR) conditions 
3) To measure the performance of optimal and non-optimal spectrum sensing 
mechanism for sensing time for various Probability False Alarm (Pf) 
 
1.4 Scope of project 
 
 
This project specifically follows the IEEE802.22 standard radio system for 
sensing time and Pd. By referring to this standard, sensing time for spectrum sensing 
must not exceed 2s and Pd is 90%. The SDR platform used is GNU Radio and 
Universal Software Radio Peripheral (USRP) B200 with addresses F4CC60 and 
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F4F586 for experimental measurement. The spectrum sensing method used is Energy 
Detector (ED) while Ubuntu 15.10 is designated as the operating system (OS).  
 
 
The optimal spectrum sensing module deploys Pd of 90% to satisfy IEEE802.22 
Standard Radio System requirement. The algorithm used is Particle Swarm 
Optimization (PSO). Pf is varied in order to determine the minimal sensing time for 
the spectrum sensing.  
 
 
1.5 Significant contributions 
 
 
This report describes the development and implementation of optimizer for 
spectrum sensing in CR system using SDR platform consists of GNU Radio and 
USRP.  The contributions of the report are listed below: 
 
 
• Development of an optimizer spectrum sensing mechanism using SDR 
platform called GNU Radio and USRP.  The Pd of the CR system is set based 
on IEEE802.22 requirement.  
• Optimal sensing time using Particle Swarm Optimization (PSO) by 
experimental measurement with the objective function of maximized 
throughput (Rn) at minimized sensing time. 
• Performance investigation of optimal sensing time under various SNR 
conditions. 
 
 
1.6 Organization of thesis 
 
 
 This report consists of six chapters starting with chapter 1 as an introduction 
to the thesis.  Chapter 1 will cover topics such as objectives of the research, problem 
statement, and scope of the work. 
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Chapter 2 provides the background theory for understanding the CR system 
including the spectrum sensing, spectrum management and spectrum decision and 
also the SDR platform.  Lastly, this chapter discusses on the existing works related to 
the CR with optimal mechanism. 
 
 
 Chapter 3 discuss the methodology used to gather and present the results of 
the project. The design concept of the work is discussed including the complete 
experimental set up. Then, this chapter elaborates on the optimal sensing algorithm 
used which is PSO and the implementation of the optimal algorithm on GNU Radio 
and USRP. 
 
 
 Chapter 4 elaborates the experimental results using SDR platform for optimal 
and non-optimal spectrum sensing. The performance of the sensing time and Rn with 
Pd of 90% and under various SNR conditions are discussed. 
 
 
 Chapter 5 concludes this research work and provides recommendations for 
work in the future related to the topic under optimal spectrum sensing area.  
 
52 
 
REFERENCES 
 
1. Spectrum Allocation Chart in Malaysia. 2017: Malaysia. p. 2. 
2. Muhammad Rajaei Dzulkifli, M.R.K., Tharek Abdul Rahman Spectrum 
Occupancy at UHF TV Band for Cognitive Radio Applications  IEEE 
International RF and Microwave Conference (RFM 2011), 2011. 
3. Liu, B.W.a.K.J.R., Advances in Cognitive Radio Networks: A Survey. IEEE 
Journal of Selected Topics in Signal Processing, February 2011. 5: p. 5-22. 
4. Carlos Cordeiro, K.C., and Dagnachew Birru, IEEE 802.22: An Introduction 
to the First Wireless Standard based on Cognitive Radios. Journal of 
Communications, April 2006. 1. 
5. Commission, F.C., FCC Spectrum Policy Task Force. November 15, 2002. 
6. McCloskey, M.A.M.a.D., Spectrum Occupancy Measurements Chicago, 
Illinois. December 20, 2005. 
7. Commission, F.C., Notice of Proposed Rule Making May 25, 2004. 
8. Hykin, S., Cognitive Radio: Brain-Empowered Wireless Communications. 
IEEE Journal on Selected Areas in Communications, February 2005. 23: p. 
201-220. 
9. M. Adib Sarijari, R.A.R., N. Fisal and A.C.C Lo, Dynamic Spectrum Access 
Using Cognitive Radio Utilizing GNU Radio and USRP. Proc. 26th Wireless 
World Res. Forum (WWRF), Doha, Qatar, 2011: p. 11-13. 
10. al, A.e., Next generation/dynamic spectrum access/cognitive radio wireless 
networks: A survey. Computer Networks. 50(13): p. 2127-2159. 
11. Rozeha A. Rashid, M.A.S., N. Fisal, S. K. S. Yusof, N. Hija Mahalin, A. C. 
C. Lo, Spectrum Sensing Measurement using GNU Radio and USRP 
Software Defined Radio. The Seventh International Conference on Wireless 
and Mobile Communications, 2011: p. 237-242. 
12. Bountouris, K.E., Spectrum Sensing Techniques for Cognitive Radios, in 
Department of Electronic and Computer Engineering. September 2013, 
Technical University of Crete, Greece: Chania. p. 86. 
13. Jun Ma, G.Y.L., and Biing Hwang (Fred) Juang, Signal Processing in 
Cognitive Radio. Proceedings of the IEEE, May 2009. 97: p. 805-823. 
53 
 
14. Mufti, A.A.a.M.N., Spectrum Sensing Through Implementation of USRP2, in 
School of Computing. 2010, Blekinge Institute of Technology: Sweden. p. 50. 
15. Erik Axell, G.L., Erik G. Larsson, and H. Vincent Poor, Spectrum Sensing for 
Cognitive Radio. IEEE Signal Processing Magazine, May 2012: p. 101-116. 
16. al, M.A.e., <Summary_of_Best_Efficient_Algorithms.pdf>. Proceedings of 
the 3rd International Conference on Computer Engineering & Mathematical 
Sciences (ICCEMS 2014), 2015. 
17. Aslam, S., A. Shahid, and K.-G. Lee, GA-CSS: Genetic Algorithm Based 
Control Channel Selection Scheme for Cognitive Radio Networks. 2013: p. 
232-236. 
18. Yasmina El Morabit, F.M.a.E.H.A., Spectrum Allocation Using Genetic 
Algorithm in Cognitive Radio Networks. Third International Workshop on 
RFID And Adaptive Wireless Sensor Networks (RAWSN), 2015: p. 90-93. 
19. C. Lucas, Z.N.-G., and F. Tootoonchian, Application of an imperialist 
competitive algorithm to the design of a linear induction motor. Energy 
Conversion and Management, 2010. 51: p. 1407-1411. 
20. al, A.-G.e., Imperialist Competitive Algorithm: An algorithm for optimization 
inspired by imperialistic competition. IEEE Congress on Evolutionary 
Computation, 2007. 7: p. 4661–4666. 
21. Akbari, M., Improving Spectrum Efficiency on Cognitive Radio Spectrum 
Sensing with Enhanced Diversity Concept, in Faculty of Engineering. 2016, 
Universiti Malaya: Kuala Lumpur. p. 160. 
22. Rajendra, R.P., Dilip K., Particle Swarm Optimization Algorithm vs Genetic 
Algorithm to Develop Integrated Scheme for Obtaining Optimal Mechanical 
Structure and Adaptive Controller of a Robot. Intelligent Control and 
Automation, 2011. 02(04): p. 430-449. 
23. Rozeha A. Rashid, A.H.F.B.A.H., Norsheila Fisal, Sharifah Kamilah Syed-
Yusof, and Haleh Hosseini, Efficient In-Band Spectrum Sensing Using Swarm 
Intelligence for Cognitive Radio Network. Canadian Journal of Electrical and 
Computer Engineering, 2015. 38: p. 10. 
24. Yudong Zhang, S.W.a.G.J., A Comprehensive Survey on Particle Swarm 
Optimization Algorithm and Its Application. Hindawi Publishing Corporation, 
2015. 2015: p. 1-38. 
54 
 
25. Rania Hassan, B.C.a.O.d.W., A Comparison of Particle Swarm Optimization 
and the Genetic Algorithm. American Institute of Aeronautics and 
Astronautics 2005: p. 1-13. 
26. al, F.S.e., Evolutionary Optimization Approaches for Direct Coupling 
Photovoltaic-Electrolyzer Systems Proceedings of the 2015 International 
Conference on Industrial Engineering and Operations Management Dubai, 
United Arab Emirates (UAE), 2015. 
27. Abdel-Raheem, F.A.a.E., Joint Optimal Transmission Power and Sensing 
Time for Energy Efficient Spectrum Sensing in Cognitive Radio System. IEEE 
Sensors Journal, January 2017. 17: p. 8. 
28. Tsang, Y.W.a.D.H.K., Energy-Efficient Spectrum Sensing and Transmission 
for Cognitive Radio System. IEEE Communications Letters, May 2011. 15: p. 
545-547. 
29. Zhiping Shi, K.C.T.a.K.H.L., Energy-Efficient Joint Design of Sensing and 
Transmission Durations for Protection of Primary User in Cognitive Radio 
Systems. IEEE Communications Letters, March 2013. 17: p. 565-568. 
30. Yiyang Pei, Y.-C.L., Kah Chan Teh and Kwok Hung Li, Energy-Efficient 
Design of Sequential Channel Sensing in Cognitive Radio Networks: Optimal 
Sensing Strategy, Power Allocation, and Sensing Order. IEEE Journal on 
Selected Areas in Communications, September 2011. 29: p. 1648-1659. 
31. Stephen Wang, Y.W., Justin P. Coon and Angela Doufexi, Energy-Efficient 
Spectrum Sensing and Access for Cognitive Radio Networks. IEEE 
Transaction on Vehicular Technology, February 2012. 61. 
32. Salim Eryigit, S.B.a.T.T., Energy-Efficient Multichannel Cooperative Sensing 
Scheduling With Heterogeneous Channel Conditions for Cognitive Radio 
Networks. IEEE Transactions on Vehicular Technology, July 2013. 62: p. 
2690-2699. 
33. Awin, F.A., E. Abdel-Raheem, and M. Ahmadi, Optimization of multi-level 
hierarchical cluster-based spectrum sensing structure in cognitive radio 
networks. Digital Signal Processing, 2015. 36: p. 15-25. 
34. Maleki, S., A. Pandharipande, and G. Leus, Energy-Efficient Distributed 
Spectrum Sensing for Cognitive Sensor Networks. IEEE Sensors Journal, 
March 2011. 11: p. 565-573. 
55 
 
35. Tao Qiu, W.X., Tao Song, Zhiqiang He and Baoyu Tian, Energy-efficient 
Transmission for Hybrid Spectrum Sharing in Cognitive Radio Networks. 
Proceeding IEEE Veh. Technol. Conf. (VTC-Spring), May 2011: p. 1-5. 
36. Kandasamy Illanko, M.N., Alagan Anpalagan and Dimitri Androutsos, Low 
Complexity Energy Efficient Power Allocation for Green Cognitive Radio 
with Rate Constraints. Globecom 2012 - Symposium on Selected Areas in 
Communications, 2012: p. 3377-3382. 
37. Yan Wang, W.X., Kewen Yang, and Jiaru Lin, Optimal Energy-Efficient 
Power Allocation for OFDM-Based Cognitive Radio Networks. IEEE 
Communications Letters, September 2012. 16: p. 1420-1423. 
38. Gursoy, G.O.a.M.C., Energy-Efficient Power Adaptation for Cognitive Radio 
Systems under Imperfect Channel Sensing. IEEE INFOCOM Workshop on 
Green Cognitive Communications and Computing Networks, 2014: p. 706-
711. 
39. Lin Zhang, M.X., Gang Wu, Shaoqian Li,and Ying-Chang Liang, Energy-
Efficient Cognitive Transmission with Imperfect Spectrum Sensing. IEEE 
Journal on Selected Areas in Communications, May 2016. 34: p. 1320-1335. 
40. Research, E., B200 and B210 Specification Model. 
41. Andrade, A.M.-V.a.A.G., Comparing Particle Swarm Optimization  Variants 
for a Cognitive Radio Network. Applied Soft Computing, 2013. 13: p. 1222-
1234. 
42. Alam, M.N., Particle Swarm Optimization: Algorithm and its Codes in 
MATLAB. March 2016. 
 
 
 
 
 
 
 
 
